Pressure supported systems modeled under MONDian extended gravity are expected to show an outer flattening in their velocity dispersion profiles. A characteristic scaling between the amplitude of the asymptotic velocity dispersion and the radius at which the flattening occurs is also expected. By comprehensively analyzing the dynamical behavior of ∼300 extremely low rotating elliptical galaxies from the MaNGA survey, we show this type of pressure supported system to be consistent with MONDian expectations, for a range of central velocity dispersion values of 60km/s < σ central < 280km/s and asymptotic velocity dispersion values of 28km/s < σ ∞ < 250km/s. We find that a universal velocity dispersion profile accurately describes the studied systems; the predicted kinematics of extended gravity are verified for all well observed galaxies.
INTRODUCTION
In recent years, high expectations were placed on direct dark matter detection searches by the LHC (CMS collaboration 2016), PANDAX-II (Yang et al. 2016) and LUX (Szydagis et al. 2016 ) experiments, as well as on indirect dark matter detection by pair annihilation (Fermi-LAT and DES collaborations 2016) , encountering all null detection signals to date. Even the most recent results from the XENON1T (Aprile et al. 2017 ) have come up empty, continuing the 30 year dry spell of the dark matter detection quest and motivating the undergoing exploration of alternative explanations to the dynamical effects appearing in low acceleration regimes. The most successful alternative to dark matter on the galactic phenomenological level is modified Newtonian dynamics (MOND) put forth by Milgrom (1983) , in which baryonic matter distributions are the only elements required to reproduce observed discrepancies from Newtonian gravity in measured kinematics. Furthermore, recent theoretical developments indicate the possibility of the emergence of new fundamental descriptions of gravity, e.g. emergent gravity (Verlinde 2016) and covariant torsion models (Barrientos & Mendoza 2017) .
The issue however, remains controversial, due in large part to the difficulty in fitting the CMB angular power spectrum without introducing an extra degree of freedom decoupled from the baryon-photon plasma at recombination (Slosar et al. 2005 , Angus 2009 ). This extra degree of freedom is generally ascribed to a dark matter component e.g. (Plank Collaboration 2016) . Within the framework of modified theories of gravity, cosmological tests must necessarily be framed within extensions to GR, (e.g. Capozziello & de Laurentis 2011 , Nojiri & Odintsov 2011 and while no single such proposal is currently close to reproducing the details of the ΛCDM CMB fit, this last model also displays worrisome tensions at cosmological scales. A recent example of the above can be found in the inconsistency between CMB ΛCDM fits to Plank data requiring a Hubble constant of 66.93 ± 0.62 kms −1 Mpc −1 and direct supernova observations of the local cosmological expansion rate yielding values of 73.24 ± 1.74 kms −1 Mpc −1 , e.g. Riess et al. (2016) . Tension appears also between the cosmological parameters Ω m and σ 8 from cluster studies (Böhringer et al. 2014 ) and those derived from CMB anisotropies (Planck 2016) , always under the ΛCDM framework. Cosmological constraints thus provide guidelines in orienting relativistic modified gravity theories seeking to be at terms with observations at the largest scales.
Still, the succes of modified gravity at galactic and sub galactic scales is clear (Sanders & McGaugh 2002 , Famaey & McGaugh 2012 , and it has been shown to better explain velocity profiles than dark matter (Swaters et al. 2010; McGaugh 2012; Lelli et al. 2017) . The success of modified gravity is most dramatically evident for spiral galaxies (Begeman et al. 1991 , Sanders 1996 , de Blok & McGaugh 1998 , Milgrom & Sanders 2007 McGaugh 2016; Desmond 2017) , where the rotation curves can be quite a precise tracer of the gravitational force; in hot stellar systems with little rotational support, the predictions are less straightforward. Recently, a variety of pressure supported astrophysical systems have been studied and compared to MONDian predictions, such as Galactic globular clusters (Gentile et al. 2010; Ibata et al. 2011; Sanders 2012; Hernandez & Jimenez 2012; Hernandez et al. 2017; Thomas 2018) , dwarf spheroidal galaxies (Milgrom 1995; Brada & Milgrom 2000; McGaugh & Wolf 2010; McGaugh & Milgrom 2013; Lughausen et al. 2014; Alexander et al. 2017 ) and elliptical galaxies (Sanders 2000; Milgrom & Sanders 2003; Tiret et al. 2007; Richtler et al. 2011; Schubert et al. 2012; Milgrom 2012; Jimenez et al. 2013) .
In particular, a successful test of MONDian gravity in two types of pressure supported systems, Galactic globular clusters and elliptical galaxies, was performed in Durazo et al. (2017) , in which a universal projected velocity dispersion profile was shown to accurately describe the two types of astrophysical systems, and that the expectations of MONDian gravity were reproduced across seven orders of magnitude in mass. However, due to the high scatter in velocity dispersion measurements of elliptical galaxies from the CALIFA project (Sanchez et al. 2012; Walcher et al. 2014; Sanchez et al. 2016a) resulting in large errors in the profile fits, and the fact that well measured proper motions for Galactic globular clusters are required to discard tidal heating as a viable explanation for the outer flattening of the velocity dispersion profile, the sub-sets of the two classes of objects were relatively modest, only a small sample of 13 well measured velocity dispersion profiles of elliptical galaxies were used in said study. It is therefore desirable to extend the size of the sample to strengthen the statistical analysis, which we do here by using newly released velocity dispersion measurements from the MaNGA survey (Bundy et al. 2015 , Law et al. 2015 , Yan et al. 2016a , 2016b , Wake et al. 2017 , showing significantly less scatter and higher sensitivity to low velocity data.
As discussed in our previous research, we work with the theoretical scalings of two directly observable velocity dispersion parameters; the asymptotic value of the velocity dispersion profile, σ ∞ , and the characteristic radius beyond which a flattening is apparent, R M . This eliminates the problematic process of baryonic mass determinations that carry various uncertainties and systematics such as hard to determine gas and dust fractions, star formation histories, unknown stellar mass functions, varying mass to light rations, multiple and complex stellar populations, as well as radial variations in all the aforementioned parameters. We adopt the proposed universal velocity dispersion profile used in Durazo et al. (2017) , which has been shown to correctly reproduce velocity dispersion profiles in pressure supported systems.
In section 2 we construct first order equations for predicting the asymptotic velocity dispersion expected under MONDian gravity, and the corresponding relations between the parameters describing the velocity dispersion profiles for such pressure supported systems. Section 3 describes the selection of data used to build working samples of velocity dispersion profiles for elliptical galaxies, as well as the fitting methodology and estimated parameters for the universal velocity dispersion profile used. In section 4 we show that the flattening radius and asymptotic velocity dispersion follow a scaling consistent with the generic predictions of MONDian gravity. Section 5 outlines our findings.
MONDIAN THEORETICAL EXPECTATIONS
In order to model observed galactic dynamics assuming only baryonic matter, a change from the Newtonian force law F N = GM/r 2 to a MONDian force law Milgrom (1983) . Most authors seem to agree on a relatively abrupt transition between the above regimes, from studies on Milky Way rotation curve comparisons e.g. Famaey & Binney (2005) , solar system dynamics e.g. Mendoza et al. (2011) . Centrifugal equilibrium velocities will show a TullyFisher value in the MONDian regime of:
for a test particle orbiting a total baryonic mass M. Very generally for MONDian theories, for any isolated selfgravitating system in the deep-MOND regime (beyond R M ), a relation of the form :
will hold, where v is a characteristic measure of the mean 3D velocity, and α is a dimensionless parameter which depends on the exact theory being considered and on the details of the system, such as the slope of its mass profile. For example, the deep MOND virial relation of the Bekenstein-Milgrom theory where v becomes the 3D isotropic velocity dispersion of a system and α = 4/9 (see McGaugh & Milgrom 2013; . We remain within MONDian limits for isolated systems, as our selection criteria define a sample where any external field effect should be minimum (see section 3), and seeking a simple and generic correspondence to the inferred projected velocity dispersion of an observed system independent of any particular MOND theory, we follow McGaugh & Wolf (2010) and assume v = σ, α = 1/9, yielding:
To test equation (3), one would need independent estimations of the baryonic mass of each system as well as observations of σ ∞ . Correctly estimating baryonic masses for any astrophysical system is a complicated endeavor hampered by gas and dust fractions, SFH and IMF suppositions, the complex stellar populations of elliptical galaxies, different mass-to-light ratios for varying wavelengths, as well as potential radial changes of the aforementioned parameters. Simply substituting R M into equation (3), one obtains a straightforward test:
which in astrophysical units results in:
Equation (5) now links two directly observable features of the velocity dispersion profile of a pressure supported system, where σ ∞ is the asymptotic projected velocity dispersion at large radii and R M is the characteristic radius at which the velocity dispersion profile begins to flatten. For equation (5) to have physical meaning, an inner Newtonian region with a Keplerian decline in the velocity dispersion profile is required, as well as a clear transition to a flat velocity dispersion regime after reaching scales of R M . Recently in Durazo et al. (2017) , observed velocity dispersion profiles of 13 extremely low rotation ellipticals from the CALIFA survey (Sanchez et al. 2016b) . Results indicate a strong compliance with MONDian expectations, inspiring us to build on these findings and perform a similar study for a much larger sample of extremely low rotating elliptical galaxies from the MaNGA survey (Bundy et al. 2015 , Law et al. 2015 , Yan et al. 2016a , 2016b , which forms part of the larger SDSS-IV project (Gunn et al. 2006 , Smee et al. 2013 , Blanton et al. 2017 ).
In the following section we show almost 300 velocity dispersion profiles for our sample of low rotating ellipticals having the previously discussed behavior, which in section 4 we compare to the expectations of equation (5). Reminiscent of the purely Newtonian expression correlating half mass-radius and central velocity dispersion (Cappellari et al. 2006; Wolf et al. 2010 ) is the expression R M σ 2 ∞ = GM/3 resulting from multiplying equations (3) and (4) and substituting M for σ ∞ .
Here we have assumed that the total baryonic mass of the system has converged in the regime where the velocity dispersion profile flattens, allowing for the treatment of the galaxy in question as a point mass, in accordance with Newton's theorems for spherically symmetric mass systems valid under MONDian gravity (Mendoza et al. 2011) . This allows for the treatment of the dynamical tracers from which σ ∞ is estimated, as test particles. Given the approximate de Vaucouleurs inferred surface brightness profiles of elliptical galaxies (although most elliptical galaxies do not strictly follow an n = 4 Sersic profile, they are generically characterized by very centrally concentrated light profiles), this will in general be a good approximation.
Recently, pressure supported systems have been successfully reproduced under MONDian gravity (e.g. Gentile 2010; Sanders 2010; Hernandez et al. 2013b ) and in particular, Jimenez et al. (2013) accurately modeled the giant elliptical galaxy NGC4649, Chae & Gong (2015) reproduced observed velocity dispersion profiles using MONDian models requiring only stellar mass, and Tian & Ko (2016) found that the dynamics of seven elliptical galaxies traced by planetary nebulae were properly explained by MOND. However, Richtler et al. (2008) and Samurović (2014 Samurović ( , 2016 found a dark matter halo to be a better fit than MOND in elliptical galaxies, thus the item remains a matter of debate.
EMPIRICAL VELOCITY DISPERSION PROFILES
In Durazo et al. (2017) , a sub sample of extremely low rotation galaxies was extracted from the second data release of the CALIFA survey (Sánchez et al. 2012; Walcher et al. 2014) , in which 200 radial 2D velocity dispersion profiles were produced using the Pipe 3D pipeline (Sánchez et al. 2016b ). The sub sample studied comprised galaxies with an average value of maximum rotation velocity to central velocity dispersion per galaxy of V max /σ 0 = 0.213, and negligible gas content. In Durazo et al. (2017) we showed that a universal velocity dispersion profile of the form:
(6) accurately reproduces the reported velocity dispersion profiles. In the above equation, σ ∞ is the velocity dispersion asymptotic flattening value, the central velocity dispersion of the system is given by σ(0) = σ 0 + σ ∞ , and R σ represents the radius after which the value of σ ∞ is quickly approximated.
Building on the successful fitting of equation (6) for the 13 low rotation CALIFA galaxies, we construct here a considerably larger sample of such systems and perform equivalent fits to our universal velocity dispersion equation, as well as a test of the MONDian prediction of eq. (5) to our data.
Unlike previous SDSS surveys which obtained spectra only at the centers of target galaxies, MaNGA (Bundy et al. 2015 , Law et al. 2015 , Yan et al. 2016a , 2016b provides spectral measurements across the face of ∼10,000 nearby galaxies thanks to 17 simultaneous integral field units (IFUs), each composed of tightlypacked arrays of optical fibers (Drory et al. 2015 , Law et al. 2015 . From nearly 3000 elliptical galaxies analyzed using Pipe 3D pipeline (Law et al. 2016 , Sanchez et al. 2017a ), only galaxies with V /σ < 0.213 were selected, in accordance with the values used as selection criterion in Durazo et al. (2017) , to ensure that our selection contains only systems with minimal dynamical support besides velocity dispersion.
Following the methodology used in our previous work, we average the observed velocity dispersion data in 20 radial bins each containing the same number of data points (Figure 1) , with a corresponding propagated average velocity dispersion error. All data points below the threshold of 20 kms −1 are discarded as they are considered to be unreliable (Bundy et al. 2015 , Yan et al. 2016b ). The requirement of fitting each whole galaxy within the MaNGA IFU instrument implies that the more massive galaxies will necessarily be more distant, and hence systematically less accurately observed. We use a nonlinear least squares Levenberg-Marquardt algorithm to fit the universal function of equation (6) to the projected velocity dispersion profiles and estimate the equation parameters along with their respective confidence intervals. We discard systems with poorly estimated parameters and unclear morphology, as well as fits with fractional errors larger than 50% of the estimated parameters. Galaxies not covered to at least 2R e were not considered, to ensure that we are indeed reaching the outer region of each galaxy. We thus obtain a sub sample composed of 292 low rotating well fitted ellipticals (Table 1) . The characterization of the environment for the MaNGA sample is composed of two main parameters, namely the local number density to the fifth nearest neighbor, η, and the tidal strength affecting the primary galaxy, Q, as described in Argudo-Fernandez et al. (2013 where it was established that the structure of a galaxy may be affected by external influences when the corresponding tidal force amounts to >1% of the internal binding force, corresponding to a critical tidal strength of Q crit = −2 and a critical local number density of η crit = 2.7. The mean tidal strength and local number density values for our sub sample of 292 low rotating ellipticals are Q mean = −2.34 and η mean = 0.59, well below the critical interaction values, with maximum values reaching Q max = 0.63 and η max = 2.12. Thus, our mean results should be robust to tidal effects, while a certain spread coming from high Q values might be expected. Further, these indexes use only projected distances, and are therefore upper limits on the true effects. We can therefore be confident that being below the critical thresholds on the average shows our results will not be driven by tidal galaxy interactions.
These isolation criteria exclude systems where the Newtonian tides (assuming the line of sight separation to be zero) are above 1% of the internal binding forces at the outskirts, this also implies that for equal masses for the target and the closest neighbor (a safe upper limit, as the sample construction criteria imply a factor of 4 reduction in luminosity between the target galaxy and its closest neighbor), the external acceleration will be about 100 1/3 = 4.64 times smaller than the internal one, assuming both to be in the deep MOND regime. This last condition is a reasonable approximation, as the internal accelerations at the outskirts do fall below the a 0 threshold. Thus, the sample construction ensures that any contribution from an external field effect will quite probably fall below the other internal uncertainties of our experiment, e.g. those given by the confidence Figure 1 . Projected velocity dispersion profiles for the 9 random elliptical galaxies of our sub sample, as a function of radial distance in the system, with vertical error bars showing the averaged empirical errors. The top right number of each profile gives the identification number for reference in table 1. The solid curve gives the best fit to the universal profile proposed. The complete figure set of the 292 elliptical galaxies studied can be found in the online published version of this article. intervals of our velocity dispersion profile observations and fits.
A random selection of nine fitted velocity dispersion profiles is presented in figure 1 . The adequacy of the fits is evident despite the variety of central concentration in observed kinematic profile morphologies.
An initial examination of our first sample showed significant scatter in the R σ to σ ∞ relation, which inspired us to analyze the squared sum of relative errors:
where x i represents each fitted parameter and δx i the respective uncertainty. Next, we select a subsequent subsample, chosen as the first quintile of the distribution of summed relative errors, in order to study and compare the behavior of our larger sample. The second subsample comprises the 60 systems with the lowest sum Figure 2 . A random selection of 9 fitted velocity dispersion profiles from our lowest relative error sub sample. Blue dots represent the averaged velocity dispersion observations with horizontal error bars delimiting each radial bin, and vertical error bars representing the propagated empirical errors. The red curves are the fit to eq. (6).
of relative errors (table 2). Figure 2 shows the fitted projected velocity dispersion profiles of a random selection of 9 galaxies from our second sub-sample of lowest relative error objects. Noteworthy is the evident reduction in uncertainties and overall clearer profile morphology. In the following section we compare this second-sub sample with the larger collection of galaxies and perform various comparisons between the fitted parameters and the stellar mass of each object as estimated from the MaNGA survey, in order to test the consistency of our samples. We use the measured redshift from the MaNGA source catalog, and adopt stellar masses estimated from Sanchez et al. (2017a) . A detailed description of the selection parameters can be found in Bundy et al. (2015) , Law et al. (2016) and Yan et al. (2016b) , as well as a description of sample properties in Wake et al. (2017) . Milgrom (1983) indicated that MOND suggests a mass-velocity dispersion relation for elliptical galaxies of the form M ∝ σ 4 . If there were no systematic variation of the mass-to-light ratio (ML), this would become the observed Faber-Jackson (FJ) relation (Faber & Jackson 1976) . Even though the main interest of this study focuses on eq. (4) in which we have sidestepped the need for a mass calculation, we nevertheless seek to test consistency with previous studies using the stellar mass estimates provided by the MaNGA team. Figure ( 3) shows the central velocity dispersion, σ(0) = σ 0 + σ ∞ , as a function of stellar mass and δ Rel , the total sum of the relative errors of the fitted parameters. The black dashed line represents precisely the M ∝ σ 4 FJ relation (Sanders 2010) . There is a good agreement between the FJ proportionality and our sample, with some expected scatter. Interestingly, systems on the top right of the relation present δ rel values an order of magnitude higher than galaxies on the bottom left of the spectrum. As previously mentioned, this is due to an intrinsic redshift bias in the survey, in which the galaxies with greater absolute magnitude are also the ones with higher redshift, leading to systematically greater observational errors. In figure (1) of Sanchez et al. (2017b) , this bias can be observed for systems in the redshift range z > 0.06, while systems below this redshift value seem to consolidate a more complete sample.
A similar comparison is made in figure (4), this time relating the asymptotic velocity dispersion σ ∞ to stellar mass. Again we find that higher mass and asymptotic velocity dispersion objects display the largest relative errors, with lower mass and σ ∞ systems the smallest Faber-Jackson proportionality. A good fit is evident, as is the tendency for low mass and low velocity dispersion objects to have the least relative errors.
relative errors. It is evident that σ ∞ follows the FJ scaling of figure (3) for high masses, though with a scaled down amplitude. Indeed, a good fit to the expected MONDian Tully-Fisher expectations of the dotted line (eq. 2) is obvious above σ ∞ = 100km/s. Below this value, a much more scattered situation appears, possibly due to uncertainties in the stellar mass determinations.
We now study the effects of central concentration and velocity dispersion profile morphology by defining the relative velocity dispersion of a system:
and comparing it to the stellar mass of each galaxy (figure 5) . A higher σ Rel value denotes a larger central velocity dispersion, σ(0) with respect to the outer asymptotic velocity dispersion σ ∞ , i.e. a steeper drop in the amplitude of the velocity dispersion profile. It is evident from figure (5) that the more massive galaxies show the largest relative errors, while galaxies with a more pro- nounced fall in the velocity dispersion profile correspond to the lower masses and lower relative errors. Galaxies in the high end tail of the FJ proportionality in figure (4) best fit the M ∝ σ 4 proportionality and also lie in the bottom right end of figure (5), in all likelihood due to the fact that we are observing the very central regions of these higher redshift objects, leading to higher errors and asymptotic velocity dispersions. Noteworthy from figure (5) is that no clear relationship is apparent between σ Rel and M ⋆ , implying that no single univariate profile function of stellar mass can be expressed, needing at least two independent parameters, although mass dependent errors and varying radial coverage are a caveat for the larger systems.
In going from local volumetric velocity dispersion values to the observed projected velocity dispersion profiles, different projection effects arise, which depend on the degree of central concentration of the volumetric velocity dispersion profile, and the real space density profiles of the tracers being used e.g. Hernandez & Jimenez (2012) , Jimenez et al. (2013 ), Tortora (2014 . Still, taking the simple identification of R σ = R M introduced in Durazo et al. (2017) , and building on the main result of our previous work, figure (6) relates the asymptotic velocity dispersion, σ ∞ , with the flattening radii, R σ , both as a function of their respective summed relative errors. Black dots show the actual sample distribution and the solid black line represents the MONDian prediction of equation (4). We can see from this result that the systems which best match the expected scaling of Figure 5 . A hexbin plot of the relative velocity dispersion as a function of stellar mass. The color palette represents the third plotted variable, the total sum of the relative errors of the fitted parameters. The black dots show the actual sample distribution. More massive galaxies show the highest relative errors, while those with steeper and more differentiated velocity dispersion profiles show the least sum of relative errors. No clear trend can be observed between σ Rel and M⋆. This shows the need for at least 2 parameters in describing the kinematics of the studied systems. Figure 6 . σ∞ vs Rσ values for our larger sample of 292 low rotating ellipticals. The color palette represents the third plotted variable, the total sum of the relative errors of the fitted parameters. The black dots show the actual sample distribution. Points at the lower left of the plot show the GC velocity profiles studied in Durazo et al. (2017) . The solid line is not a fit to the data, but actually shows the MONDian expectations of equation (4) for the predicted scaling of RM = 3σ 2 ∞ /a0, RM /pc = 0.81(σ∞/kms −1 ) 2 eq. (4) are the low δ Re; ones, which as we saw earlier also correspond to the lower mass, relative velocity dispersion and asymptotic velocity dispersion galaxies. Objects that scatter above the expected MONDian relation tend to present the highest δ Rel and be the most massive galaxies. Finally in figure (7), we again display σ ∞ as a function of R σ , this time for the first quintile of δ Rel , i.e. our second-sub sample containing the 60 objects with the lowest sum of squared relative errors. The consistency with the MONDian expectation of equation (4) is clear, especially considering that we are only plotting the systems within the first quintile of summed quadratic errors. Overall the match for both sub-samples is quite impressive given the sample size and tighter statistical treatment with respect to Durazo et al. (2017) . For this sub-sample, the ambient density parameters have values of η mean = 0.63 and η max = 1.98 while Q values show a mean of Q mean = −1.97, all well below the 1% tidal effect threshold of η crit = 2.7 and Q crit = −2, guaranteeing that the means of our results in figure (7) are not affected by tidal effects. However, the distribution of Q values reaches Q max = −0.43, showing that some of the dispersion in the figure could well be due to systems with a certain degree of tidal interactions.
Figures 6 and 7 also include a sample of Galactic globular clusters with measured radial projected velocity dispersion profiles out to several half light radii, and well measured proper motions in the outer regions, from data produced by Scarpa et al. (2007a,b) , Scarpa & Falomo (2010) , Scarpa et al. (2011 ), and Lane et al. (2009 , 2010a . These are included as they provide a second set of systems several orders of magnitude away from the ellipticals we primarily study, and which are hence important to validate the comparison with a MOND-like behavior, not only in the amplitude of the σ ∞ vs. R σ relation, but also in terms of the slope of this relation. Despite the evident agreement with the simple first order MONDian expectations, it must be noted that in the context of MOND as such, the external field effect would preclude the appearance of the observed flattening in the velocity dispersion profiles of these clusters, which hence renders their relevance subject to revision in terms of what the particular external field effect might be in any final covariant theory having a MONDian low velocity limit. The inclusion of Galactic globular clusters in these two figures is therefore tentative and at this point would imply placing oneself within the context of a fiducial MONDian theory without any external field effect, or one with a very limited such effect, e.g. Milgrom (2011) .
As a final consistency check, we plot in figure (8) δR σ /R σ values as a function of the field of view, i.e. the ratio of the aperture radius to effective radius, and indeed find an evident anti-correlation between the R σ relative errors (the parameter in figures 5, 6 and 7 with the largest uncertainties) and the extension to which each galaxy is observed, providing justification for our sub-sample selection from figure (7). Furthermore, deviations from MONDian expectations for the highest mass systems could be the result of a similar flatten- Figure 7 . σ∞ vs Rσ values for our sub-sample of the first quintile of lowest summed relative errors. Points at the lower left of the plot show the GC velocity profiles studied in Durazo et al. (2017) . The solid line is not a fit to the data, but actually shows the MONDian expectations of equation (4) ing in the velocity dispersion profiles before reaching a deep-MOND regime, as seen by Richtler et al. (2011) in circular velocity profiles of elliptical galaxies modeled by a Jaffe mass profile, pointing to the potential caveat of assuming that the enclosed baryonic mass has converged upon reaching a flattened velocity dispersion profile.
It seems that a distinctive gravitational physics applies, with a clear transition radius at R M where the "Keplerian decline" of the inner Newtonian R < R M region gives way to the "Tully-Fisher" σ(R) ∝ (GM a 0 ) 1/4 of the outer MONDian regime, notwithstanding the large sample size.
Creating a similar large sample selection of isolated Galactic globular clusters at large Galactic radii, where the interpretation under MONDian theories becomes less contentious due to a negligible field effect, to solidify our original results is evidently a desirable development, which however is not an easy endeavor due to the need for independent stellar synthesis models or well measured proper motions of the most external regions of each cluster, to exclude Galactic tidal heating alternatives. Also, a sample of radially resolved kinematic observations for other pressure supported non relativistic astrophysical systems, such as dwarf spheroidals and ultra-faint dwarfs, would be appealing.
CONCLUSIONS
We have once again shown that the universal velocity dispersion profile proposed in eq. (6) accurately models pressure supported elliptical galaxies showing an inner Keplerian decline and an outer flattening in their velocity dispersion values. We also find in general a good agreement with MONDian predictions for the whole sample, with an expected scatter for the brighter, more massive and higher redhisft galaxies, stemming back from the original MaNGA sample selection. Since higher σ ∞ systems on average are larger galaxies which are more centrally observed, and hence observations do not reach the outer low acceleration regime, the clear deviations from modified gravity expectations shown in figure (6) can be explained by the smaller relative radii at which the velocity dispersion measurements are made for larger galaxies.
Meanwhile, the low mass systems, presenting the lowest relative errors, show much better consistency with the expectations from MOND, in particular our least relative error sample shows excellent compatibility with the modified gravity prediction. The above in spite of projection effects inevitably leading to a spread in parameters in going from the volumetric predictions of equation (4) to the projected quantities seen in figures 6 and 7.
Even though the sample selection in the MaNGA survey was made with a flat M ⋆ distribution, a significant bias exists for high brightness galaxies, i.e. the sample is not complete at higher redshift ranges (z > 0.06). Observations out to several R e would most likely lead to a MOND regime, allowing for a more robust study of modified gravity phenomenology in the higher surface brightness and more massive systems. Furthermore, it has already been shown by Sanders (2000) that in order to reproduce the properties of high surface brightness elliptical galaxies, it is necessary to introduce small deviations from a strictly isothermal and isotropic velocity field in the outer regions.
